Abstract
Introduction
Breast cancer is the most common malignancy in women and is the second leading cause of cancer deaths in women [1, 2] . Although the incidence of breast cancer is lower in China compared to that in western countries, it has increased by 80 % in young women in the past two decades, with a total increase in 50-100 % [3] [4] [5] . The prognosis for breast cancer has been improved in recent decades, however, the clinical outcome of patients with metastatic breast cancer remains poor, with a median overall survival period of 2 to 3 years [6] [7] [8] [9] [10] .
Sirtuin 3 (SIRT 3) is a member of Sirtuin family, the mammalian homologues of the silent information regulator 2 first discovered in Saccharomyces cerevisiae as an NAD+-dependent histone deacetylase [11, 12] . The other Surtuin members, especially SIRT1 has been reported to be associated with the clinical features and prognosis of breast cancer. e.g., inhibition of SIRT1 by small molecule inhibitors reduces the levels of aromatase mRNA in breast cancer cells and SIRT1 is significantly up-regulated in invasive breast ductal carcinoma [13] . SIRT1 and SIRT2 positively regulate the levels of Rac1-GTP and the activity of T-cell lymphoma invasion and metastasis [14] . SIRT1 regulates dishevelled proteins and promotes transient and constitutive Wnt signaling in several cancer cell lines including breast cancer cells [15] . SIRT1 represses estrogen-signaling, ligand-independent estrogen α-mediated transcription and cell proliferation in estrogen-responsive breast cells [16] . SIRT1 is essential for oncogenic signaling by estrogen/estrogen receptor α in breast cancer [17] . However, the role of SIRT 3 in breast cancer remains largely unknown. This study was to investigate the association of SIRT 3 expression with the clinical characteristics and prognosis of breast cancer patients.
Materials and Methods

Patient enrollment and Follow-up
Three hundred and eight female patients who were histologically confirmed breast cancer and underwent radical operations in the Department of Oncology of Ganzhou People Hospital and Department of Radiation Oncology of Nanfang Hospital were enrolled in this study between January 2003 and January 2006. The inclusion criteria were as follows: (a) curative operations were performed; (b) resected specimens were pathologically examined; (c) more than 10 lymph nodes were pathologically examined after operation. All the patients included in present study did not receive any chemotherapy and radiation therapy before enrollment, and their complete clinical data, including age, menopausal status, histological type, lymph nodes status, tumor size, grade, estrogen-receptor (ER) status, progesterone receptor (PR) status, and human epidermal growth factor receptor 2 (HER2) status, were obtained and reviewed. The present study conformed to the ethical standards of the World Medical Association Declaration of Helsinki and was approved by the Ethics Committee of our hospital (2003-No. 14-11).
The follow-up results were available for all patients. Outcome data include survival status, overall survival (OS) time and disease-free survival (DFS) time. DFS and OS times were defined as the time interval from the date of surgery to the date of first recurrence or death, which were the two assessments used for prognostic analyses.
Immunohistochemical staining analysis and evaluation
Specimens were obtained immediately after excision during surgery and stored at −80°C until use. The tissues were fixed, paraffin embedded, and cut to 5-μm-thick sections for immunohistochemistry. Briefly, the slides were deparaffinized in xylene, rehydrated in a gradient of ethanol solutions, and then pretreated in a microwave oven. Then, the slides were incubated in a humid chamber at 4 °C overnight with SIRT 3 primary antibody (1:200, sc-99143, Santa Cruz Biotechnology, Santa Cruz, CA). SIRT 3 expression were classified semiquantitatively by immunoreactive score (IRS) according to the method described previously [18] . SIRT 3 staining was defined as low expression (IRS: 0-5) and high expression (IRS: 6-12).
Tumor Cell line Culture and SiRNA transfection
Two human breast cancer cell lines MDA-MB-231 and BT-549 were cultured to 75% confluence before small interfering RNA (siRNA) transfection. Nonspecific control siRNA or SIRT-3 siRNA (SIRT-3 siRNA sequence: CAT CCC TAC ATG CAG ATG AAA) was transfected by siLentFect Lipid Reagent (Bio-Rad, Hercules, CA, USA) for 24 hours according to the manufacturer's instructions.
Real-time RT-PCR assay
All reagents including specific and control primers for TaqMan real-time RT-PCR were purchased from Applied Biosystems and the reactions were set according to the manufacturer's protocol. Briefly, total RNA was purified by TRIzol (Life Technologies/Invitrogen). 10 ng of total RNA were used for reverse transcription with TaqMan MicroRNA Reverse Transcription Kit. Real-time PCR quantification was performed using TaqMan PCR primers and TaqMan Universal Fast PCR system (Applied Biosystems). The relative gene expression was determined by normalizing to reference gene glyceraldehyde phosphate dehydrogenase (GAPDH) using the relative quantitative 2-ΔΔCt method.
Western Blot Analysis
After siRNA transfection, the cells were lysed for Western blot assay to determine SIRT 3 expression. Extracts were resolved on SDS-polyacrylamide gels followed by transfer to nitrocellulose membranes. Proteins were resolved by electrophoresis on 8-12% sodium dodecyl sulfate-polyacrylamide gels and transferred by electroblotting to polyvinylidene difluoride membranes in transfer buffer (25 mM TrisHCl (pH 7.6), 192 mM glycine, 20% methanol, 0.03% sodium dodecyl sulfate). After immunoblot analysis, membranes were immunoblotted with SIRT 3 antibody (1:1,000, sc-99143, Santa Cruz Biotechnology, Santa Cruz, CA) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 1:1,000, Santa Cruz Biotechnology, Santa Cruz, CA). Membranes were then washed and incubated with a secondary antibody coupled to horseradish peroxidase. Immunolabeling was detected using the ECL Reagent (Amersham Biosciences).
Cell Proliferation Assay
MTT assay was performed according to manufacturer instructions (Sigma Aldrich). Briefly, cells were washed. MTT reagent (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, M 2128, Sigma Aldrich) was added and incubated at 37°C for 3 hrs. After MTT reagent removal, MTT solvent (10 % Triton 100X and 0.1 N HCL in anhydrous isopropanol) was added. Absorbance was determined in a Microwell plate reader (Model 680, Biorad, Marnes-La-Coquette, France).
Cell Migration Assay
After SiRNA transfection, cell migration was determined by using a modified two-chamber migration assay with a pore size of 8 µm. For migration assay, 1×105 cells were seeded on the upper compartment of 24-well Transwell culture chamber and 600 µl of complete medium was added to the lower compartment. After 24 h incubation, cells were fixed with methanol. Non-traversed cells were removed from the upper surface of the filter carefully with a cotton swab. Traversed cells on the lower side of the filter were stained with crystal violet and counted.
Cell Invasion Assay
The invasion assay was performed using a modified two-chamber plates. 30 µl of 50 mg/ml Matrigel (BD Biosciences, Mississauga, Canada) in serum-free medium was added to the upper compartment of 24-well Transwell culture chamber. 1×105 cells suspended in 200 µl of serum-free medium were seeded on the upper compartment, and 600 µl of complete medium was added to the lower compartment. After 24 h incubation at 37°C, cells were fixed with methanol. Non-invaded cells were removed from the upper surface of the filter carefully with a cotton swab. Invaded cells on the lower side of the filter were stained with crystal violet and counted.
Statistical analysis
All data were analyzed with SPSS statistics software (version 16.0, Chicago, IL, USA). Relationships between SIRT 3 expression status and clinical parameters were studied using chi-square test, Fisher's exact test, or independent t tests. Survival was analyzed using the Kaplan-Meier method. The log-rank test was used to analyze survival differences. Univariate and multivariate analyses were performed using the Cox proportional hazards model selected in forward stepwise. A P value of <0.05 was considered statistically significant. A B 
High level of SIRT 3 expression indicates a poor prognosis
The relation of SIRT 3 expression status with the DFS as well as OS of breast cancer patients was analyzed. The OS and DFS were 64.3% and 66.7% in patients with high SIRT 3 expression level, and 88.9 and 84.8 % in patients with low SIRT 3 expression level, respectively (both P<0.05). Patients with high expression of SIRT 3 had shorter OS and DFS than those with low expression (33.8±4.5 vs. 45.5±6.9, months, P < 0.001 and 15.8±7.2 vs. 23.9±5.7, months, P < 0.001). Kaplan-Meier survival curves are shown in Fig. 2a and 2b . A B Univariate and multivariate analyses were performed by using Cox proportional hazard model to evaluate the impact of SIRT 3 expression and other pathological factors on the prognosis of breast cancer patients (Table 2 ). Univariate analysis screened out four statistically significant variables: lymph node metastasis (P = 0.011), tumor size (P = 0.004), tumor grade (P = 0.004), and SIRT 3 expression (P <0.001). In multivariate analyses, SIRT 3 expression, tumor grade and lymph node metastasis were found to be associated with poor OS and DFS in breast cancer patients (Table 3) .
SIRT 3 Regulates Breast Cancer Cells Proliferation, Migration and Invasion
Real-time PCR and Western blot results show significant SIRT 3inhibition at mRNA and protein level in either MDA-MB-231 or BT-549 cells transfected with SIRT 3 siRNA compared with cells transfected with control siRNA (Fig. 3) .
The results of MTT cell proliferation assays revealed slowed proliferation rates were significantly inhibited in either MDA-MB-231 or BT-549 breast cancer cells after SIRT 3 siRNA transfection ( Fig. 4a and 4b) . Cell migration assay showed that SIRT 3 inhibition significantly decreased the cells migration ability of MDA-MB-231 and BT-549 cells by 79% and 68%, respectively ( Fig. 4c and 4d) . Furthermore, silencing of SIRT 3 gene by siRNA dramatically inhibited the invasive ability of MDA-MB-231 and BT-549 cells by 81% and 72%, respectively ( Fig. 4e and 4f) .
Discussion
In the present study, we investigated the role of SIRT 3 expression in the clinical features and prognosis of breast cancer patients. We found that the SIRT 3 expression was significantly correlated with, lymph node metastasis, higher pathological grade, bigger tumor size. SIRT 3 expression levels are negatively related to DFS as well as OS of breast cancer patients. Univariate and multivariate analyses confirmed that SIRT 3 expression was significantly associated with poor OS and DFS in breast cancer patient. Our in vitro study revealed that the SIRT 3 knockdown by siRNA technique apparently reduced cell proliferation, migration and invasion. Our results suggest that elevated SIRT 3 may serve as a molecular marker for clinical feature and prognosis for breast cancer patients. (Fig. 3a) and protein expression (Fig. 3b) were significantly decreased in MDA-MB-231 and BT-549 cells transfected with SIRT 3 siRNA compared with cells transfected with control siRNA.
Among the Sirtuin family members, SIRT3 is a mitochondrial protein which is the only member linked to longevity in humans. Increasing evidence suggest that SIRT3 plays an important role in controlling cell proliferative and survival, cancer invasion and metastasis as well as inflammation and the immune response. SIRT3 is suggested as a potential drug target for cancer treatment.
However, there is discrepancy in the literature regarding the role of SIRT3 in cancer. SIRT3 is overexpressed to a greater extent in several human oral cancer cells and tissues than in normal controls, and SIRT3 downregulation in these cells inhibited oral cancer cell growth and proliferation and enhanced radio-and chemo-therapeutic drug cytotoxicity [19] . High expression of SIRT3 is associated with a shorter survival time in esophageal cancer patients [20, 21] . p53-induced growth arrest in human bladder cancer is regulated by the mitochondrial SIRT3 deacetylase [22, 23] . All these observations suggest a tumor promoter effect of SIRT3. In contrast, many others reported role of SIRT3 as a tumor suppressor protein in several type of cancers. Down-regulation of sirtuin 3 is associated with poor prognosis in hepatocellular carcinoma after resection [24] [25] [26] . The expression level of SIRT3 was inversely correlated with clinicopathological variable, including tumor infiltration, tumor differentiation and tumor stage and 5-year survival of patients with gastric cancer [27] .
The role of SIRT3 in breast cancer is also controversial. Ashraf et al. reported no overall difference observed in SIRT3 expression between breast cancer and normal breast tissue. However, on subdividing the cancer biopsies by nodal status, SIRT3 expression was dramatically over-expressed in node-positive breast cancer compared to normal breast tissue [28, 29] . In a very recent study, Desouki et al. found that SIRT3 protein expression is significantly lower in breast cancer tissue compared with normal breast epithelium. Patients with breast cancer in the lower SIRT3 expression had a significantly shorter relapse-free survival [30] . In the present study, we found that the SIRT 3 expression was significantly correlated with, lymph node metastasis, higher pathological grade, bigger tumor size (>2 cm), higher percentage of Her-2 positive status. It seems that our finding is consistent with that of Ashraf et al., but against that of Desouki et al.. We think the difference in harvesting sample, tumor tissue blood and oxygen supply might be reason for this discrepancy.
In the prognosis analyses of this study, we reported a close relation of SIRT 3 expression status and the DFS as well as OS of breast cancer patients. High expression of SIRT 3 was found as a detrimental factor for prognosis since patients with high SIRT 3expression had shorter OS and DFS than those with low expression. Univariate and multivariate COX analyses confirmed that SIRT 3 expression was significantly associated with poor OS and DFS in breast cancer patient.
SIRT3 promotes cell proliferation and survival in oral cancer carcinogenesis. In addition, under genotoxic stress, mitochondrial SIRT3 and SIRT4 were required to protect against genotoxic cell death in human embryonic kidney (HEK293) and fibrosarcoma cell lines [31] . SIRT3 augments Ku70-Bax interactions, prevents Bax translocation to the mitochondria, and prevents apoptosis during stress-mediated conditions [32] . In our study, we inhibited the SIRT3 by Si RNA technique. We found that the proliferation rate, migration and invasiveness rate were all significantly reduced after Si SIRT3 transfection in two cultured breast cell lines. This in vitro study provided evidence the way SIRT 3 influence the biological behavior of breast cancer cells. This observation was consistent with the above-mentioned results.
The role of ROS in cancer cell biology is well established. SIRT3 is a major regulator of ROS level in cells. The intact SIRT3 level in cancer cells can maintain the cellular ROS levels at the appropriate level for maintaining a proliferative and aggressive phenotype. Collectively, SIRT 3 is essential to maintain breast cancer cell viability and migration and invasive ability, thus contribute to poorer prognosis in patients.
In summary, we demonstrated that SIRT 3 plays an important role in human breast cancer pathogenesis. Increased SIRT 3 expression may facilitate tumor progression by enhancing cell growth, migration and invasion. Our results imply that SIRT 3 may serve as a prognostic marker as well as a potential therapeutic target for breast cancer.
